T HE MORPHOLOGICAL surface properties of natural textile materials are important determinants of their usefulness and many of the chemical treatments in use are aimed at modifying these properties. Low temperature plasma has been used as an effective means of modifying the surface properties of natural textile fibers such as wool and cotton. This research work described the screen printing technology and plasma treatment of cotton fabrics. The morphological properties of the plasma treated fabrics were characterized by scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), and X-ray diffraction (XRD). The coloration assessment, wettability, colorfastness and mechanical properties were also evaluated to demonstrate satisfactory results.
Introduction
Coverage of materials to appropriate plasma treatment can effect both chemical and physical changes on the inner layers so as to afford a more reactive surface without intrusive with the bulk properties simply due to shallow penetration depth [1] [2] [3] [4] [5] [6] [7] [8] [9] . Certain gas modifications of the surface layer can be achieved by pounding the surface with ions, electrons and other high-energy particles that knock the polymer material out of the surface and respectively evaporate it [10] . This part is entailed to describe the prospects for improving cotton fabric through the modification of its surface properties by plasma treatment. This is considered as a physical modification of the fabric surface. Plasma treatments of textile fibers is a fast gro-wing field and find some possible uses as an environmentally friendly process, where no chemicals are involved [11, 12] .
Experimental

Materials
Cotton fabric of 289 g/m 2 (supplied by Misr Helwan Company) was used. The fabric was scoured for 90 minutes with 3 g/l sodium carbonate, 0.5 g/l wetting agent & 1 g/l synthetic detergent. Nonionic detergent, urea and sodium carbonate were laboratory grade chemical. Reactive dye namely, Tulactiv Red P-4BNwas kindly supplied by Ciba. Commercial sodium alginate of medium viscosity type supplied by Ciba.
Methods
Fabric Treatment
The cotton fabric was exposed to low temperature plasma [dielectric barrier discharge (DBD)] using air and oxygen (purity 98 %) under atmospheric pressure. Different conditions of DBD discharge plasma (time, current, and discharge power) were applied. The exposure time ranges between 0.5 to 12 minutes, while the current ranges from 0.1 to 4 mA. The discharge power used ranges between 0.1 to 7 watts.
Plasma Apparatus
The experimental arrangement of DBD apparatus used in textile treatment is shown in Figure (1) . DBD cell consists of two electrodes of stainless steel disc has a diameter of 25.5 cm and thickness of 2mm. The lower electrode is fixed to a Perspex base of 30 cm diameter and 2 cm thickness and connected to earth. The upper electrode is fixed to a Perspex disc of 30 cm diameter and 1 cm thickness and is connected to high voltage (HV) AC power supply of 50 Hz frequency and a variable voltage of 0-20kV. A dielectric material of glass has a thickness of 1.7 mm was pasted to the upper electrode. The upper and lower perspex discs are connected to each other via O-ring. The gap distance (d) between dielectric glass and the lower electrode is 3mm. DBD treatment occurs completely in air environment. The most electrical diagnostics of the measurement of the voltage applied to the electrode and the resultant discharge current was displayed on a two channel digital time memory oscilloscope by using 2000:1 resistive potential divider. The discharge current flow through DBD cell was measured as a voltage across a resistor of 1 kΩ which was connected in series to the ground and also displayed on the oscilloscope.
Preparation of Printing Paste
The printing paste was prepared according to the following recipe: Finally the samples were dried and assessed for color strength and fastness properties.
Measurements % Weight Loss
The weight of polyester samples before and after plasma treatment was measured. Weight loss (%) was determined from the weight difference as follows:
Weight loss (%) = (W0 -W1 / W0) X 100 where W0 and W1 are the weights of PET fabric before and after plasma treatment respectively [108] .
Whiteness
Changes in fabric whiteness after plasma exposure were measured with an Elrepho 2000 Reflectance Spectrophotometer (Data Color International) according to AATCC test method 153-1985.
Wettability
The wettability was evaluated by measuring the wetting time according to the AATCC method [109] .A drop of water is allowed to fall from a fixed hight onto the surface of PET fabric under examination. The time that has been taken for the drop of water to disappear has been measured and taken as wetting time, and the results were the average value of four readings.
Tensile Strength
Fabric tensile strength test was conducted according to ASTM method, which is standard test method for breaking force and elongation of textile fabrics [110] .
X-Ray Crystallinity X-Ray crystallinity was measured with a PW 3710 diffractometer (Phillips) (XRD) using Cukα radiation at an operating voltage of 40 Kv and a current of 35 mA from 5 to 60 angles. Pellets were prepared from 0.25gm fiber and crystalline size was calculated from the equation.
t =kλ / β cos θ
where t = the size of crystal (Å), k = shape factor (0.94), λ=wave length of x-ray (1.542Å), β=halfwidth (radian), θ =Bragg angle (0)
Scanning Electron Microscope (SEM)
The untreated and plasma treated fabrics were investigated by a Scanning Electron Microscope (SEM) JSMT-20, JEOL-Japan, magnification range 1500-2000x, resolution 200A°, and accelerating voltage 19 kV. Before examinations, the fabric surface was prepared on an appropriate disk and coated randomly by a spray of gold. These investigations were carried out at the department of physical chemistry, NRC.
Fourier-Transition Infrared Spectroscopy (FTIR)
Fourier-transition infrared spectroscopy (FTIR) was performed using a Pye-Unicam spectra-1000 machine to determine the functional groups on the surface of the PET samples. Potassium bromide (KBr) disc was used.
Color assessment
The color yield (K/S) of each printed sample was measured using a Data Color SF 600plus Colorimeter using a measured area with diameter of 9mm. All the (K/S) values were calculated by subtracting the (K/S) value of the printed untreated sample from the (K/S) values of the printed treated samples. (i.e values obtained are relative color strength)
Handle
Changes in roughness values were measured for the printed untreated and treated PET samples using a surface roughness measuring instrument SE1700α .The results obtained were the average values of three readings.
Fastness Properties
The AATCC Test Method 16-2001 (color fastness to light), AATCC Test Method 61-2001 (color fastness to laundering) and AATCC Test Method 8-2001 (color fastness to rubbing) assessed the color fastness of the printed fabrics.
Results and discussion
The surface of polymer substrate can be adjust by using low temperature plasma through the physical and the chemical properties are change for example., grafting, cross linking, etching… etc. The weight loss behavior of cotton is affected by the plasma treatment. The result of air and oxygen plasma treatment time for the percentage weight loss of cotton fabric is shown in Figures 2, 3 and 4, 5 respectively. This treatment is carried out at different levels of discharge power. Both treatment time and discharge power affect the % weight loss of treated cotton fabric. It is generally noticed that, plasma increased % weight loss for treated fabric dramatically with exposure time up to a certain limit and then it either become constant or decreases. These changes are referred to the reactivity of the fabric surface obtained due to plasma etching.
In case of air plasma, at lower discharge power (0.1-0.4 watts), the maximum weight loss is obtained after 7 minutes of exposure time and over this limit it nearly reached a steady state. While, at higher discharge power (2-7 watts), the maximum limit obtained after 5 minutes of exposure time and more than that, the %weight loss decreased. Similar behavior is obtained when using oxygen plasma. Generally speaking, the percent weight loss results obtained are very small where it ranges between 0.1-0.8 % for both air and oxygen plasmas.
Wettability
The effect of plasma exposure time on the wettability of cotton fabric treated with air and oxygen was studied by applying different levels of discharge power. The results obtained are illustrated in Figures 6, 7 and 8, 9 respectively. In general, it is noticed that, there is a sharp decrease in wetting time of the treated fabric (≈ 50% of the blank) carried out at 1 minute of plasma treatment (regardless of gas type and power level). The wetting time is continued in decrease step by step as increasing the treatment time for the samples treated at discharge powers 0.1-0.4 and 0.1-0.35 watts for both air and oxygen plasmas respectively as shown in Figures 6&8. This means that plasma treatment improves the hydrophilic properties of cotton by inducing polar functional groups which increase the surface free energy of the fiber and decrease the contact angle, i.e. the plasma treatment increases the wettability of the fiber. At higher discharge powers 2-7 and 1-8 watts (Figures 8&9), the same phenomenon holds true but up to a certain limit of treatment time a bout 5 minutes and more over that the opposite is carried out, i.e. the wetting time increases and wettability decrease due to the increase in the crystalinity of the fabric which increased at higher discharge power as mentioned before. The oxygen plasma has more effect and gives higher values than air plasma; Table I and II represent the tensile strength data for air and oxygen plasma treated cotton fabric under atmospheric, respectively. Figures 10, 11 and 12, 13 illustrate the relation between fabric strength and treatment time with both air and oxygen plasma. Regardless of treatment time and level of discharge power, it is clear that, the tensile strength of cotton fabric increases suddenly in the first stage of plasma pre-treatments (i.e. at 1 minute) and then decreases. This finial growth of strength may be due to the consequence caused by etching of plasma on the fiber surface such as roughening, thereby increasing the friction. On the other hand, it is also noticed that, at lower discharge power levels range between 0.1-0.4 watts and 0.1-0.35watts for both air and oxygen plasma, the tensile strength is continuously decreased slightly with exposure time up to 5 minutes which is agreed with the percent increase in weight loss results of treated cotton (as mentioned before). At higher discharge powers the decrease in tensile strength is stopped at 5 minutes of exposure time and increased again whatever the type of plasma used. But it is clearly noticed that, oxygen plasma treatment is more vigorous in its action compared with air plasma treatment, e.g. at discharge power 1 watts, the increase in tensile strength is reached to 72 kg/m with oxygen plasma for treatment time 15 minutes compared to 66 kg/m for the same time but at discharge power 2 watts for air plasma. Figures 15 & 16 and Tables III & VI show the results of the crystalline size of the treated cotton fabric with air and oxygen plasma respectively. Figure 14 indicates the result of the untreated (control) cotton. It is noticed from the Tables that, when comparing the control with the plasma treated sample, there is no significant change in crystalline size at lower discharge power disregard the type of plasma. While, at higher discharge power, there is a noticeable change and increase in the crystalline size compared with the untreated fabric disregard the plasma type. These changes may be referred to the amorphous structure of cotton, may indicate that plasma only attacks the finishes of available chains on the crystallite surface and amorphous regions, and affected no change in fiber bulk. Scanning Electron Microscope (SEM) Figures 18& 19 show SEM micrographs of samples treated with air and oxygen plasma respectively, illustrating a progressive change in the fiber surface morphology with treatment time. The untreated cotton fabric ( Figure 17) showed a relatively smooth surface with some groves (presumably on artifact of the fiber production process). The change of the fabric surface area may be due to the surface erosion of the cotton fiber during plasma treatment, as well as, the etching effect of the plasma treatment on the fiber which damages the fiber surface. Etching is very clear during plasma treatment regardless the time of treatment and level of discharge power. The damage appears either as surface cracks or as protruding or peeled off fragments on the fiber surface. Such surface damage to the primary wall of the cotton fibers, coupled with the introduction of more polar chemical groups could render fibers more hydrophilic and accessible of dyes, there by increasing the color strength. In other studies, plasma-treated cotton fibers show evidence of physical surface damage that leads to a greater attraction for water or even oil. This physical damage caused by plasma treatment appears to increase fiber wettability (as mentioned before). Fig. 19. SEM of cotton fabric treated with oxygen plasma at different conditions (a) 0.3 watt -1 min (b) 0.3 watt -15 min (c) 0.34watt -1 min. (d) 0.34 watt -15 min (1500x) .
Tensile Strength
X-Ray Crystallinity
Fourier Transition Infrared Spectroscopy (FTIR)
The infrared spectrum of untreated polyester fabric is shown by Figure 20 . The IR spectrums of the samples treated by air and oxygen plasma under atmospheric pressure are cleared by Figures  21 and 22 respectively. The plasma treatment is carried out for different intervals of time at various levels of discharge power. The relative intensities of selected bands in the FTIR spectra of polyester samples treated with air and oxygen plasma are represented in Tables V&VI respectively. It is well known that plasma treatment is effective in modifying fiber surfaces, carrying out some composition changes and improving hydrophilic properties by inducing polar functional groups such as −CO−, −C=O, −COOH . The sharp bands located at 3430.5 Cm -1 , 2363.1 Cm -1 and 1680-1780 Cm -1 and 2900 Cm -1 are due to the streching mode of free hydroxyl (ύ O−H), cyanide (ύ C≡N), carbonly(ύ C=O) and carbon hydrogen bond (ύ C−H) respectively. The decrease in their intensities (TablesV&VI) means increasing in their number on the fiber surface. Plasma treatment in air or oxygen leads to oxidation of the cellulose chain molecules in cotton. The cellulosic O−H groups are oxidized to carbonyl and carboxyl groups replacing some of the cellulose O−H groups in the fiber chain molecules by carbonyl or carboxyl groups will disrupt the hydrogenbonding network within the fiber. This would make the cotton fibers more accessible to water molecules which should, in turn, promote greater swelling of cotton fibers. This theory is supported by the work of Rabinov et.al which suggested that an increase in the amount of −COOH groups on cotton bring about an increase in the amount of water of swelling.
The effects indication that The components of COOH and CH significantly increase the fiber surface after being treated with no oxygen or air. The increase of the oxidative component of oxygen plasma is slightly larger than that of air plasma. The results are consistent with previous findings of low temperature plasma treatment of cotton fibers. The increase of the oxidation and CH components can be explained by increasing the density of free radicals and fractures of the glucoside bond to form activated carbonyls on the surface of the fibers, respectively. 
Color assessment
The effect of plasma treatment time on the color strength of printed treated cotton in two different gas atmospheres (air and oxygen) for different discharge power was studied. The color strength results obtained were plotted in Figures 23, 24 and 25, 26 respectively. The effect of plasma treatment in both air and oxygen appears to increase the color strength of cotton fabric. Oxygen plasma treatment is more effective than air plasma treatment on the surface etching of cotton. Discharge power plays an important role and affect the results to a large extent. At low powers for both air and oxygen plasma as shown in Figures 23&24 , the color strength of the printed treated cotton samples increases as the treatment time increases up to about 5 minutes, then it becomes nearly constant. As we noticed that oxygen plasma treatment is more effective as mentioned before, e.g., the color strength results obtained by air plasma at power 0.3 watts ranges between 119.4-125.5 for treatment time 1-15 minutes. While, it ranges between 120.7-127.4 at discharge power 0.2 watts when using oxygen plasma for the same treatment time. This shows that the increase in color strength depends more on the oxygen component of the air than on the nitrogen component, which supports an oxidative mechanism of attack of cotton. At higher discharge power ranges between 2-7 watts and 1-8 watts for air and oxygen plasmas respectively, the same trend holds true, but at 5 minutes of plasma treatment time, the color strength decreases. Generally speaking, possible contributory factors leading to the increase in color strength for air and oxygen plasma treated cotton are considered to be: -The chemical changes in the cotton fiber surface due to the oxidative attack on the cellulose, leading to the formation of carbonyl and carboxyl groups in the fiber .
-The possibility of the formation of free radicals on the cellulosic chains of cotton through in oxygen or air plasma treatment.
The decrease in color strength results obtained the increased crystalline phase is simple reflected in the decrease in the dyeable amorphous phase. Handle Table VII&VIII show the effect of air and oxygen plasma exposure time on the roughness of treated printed cotton fabric respectively at different levels of discharge power. The roughness measured for the untreated cotton sample is 13.96. It is clear that, there is an improvement in the roughness values obtained for the treated printed cotton samples compared with the untreated ones. The treated samples became softer after exposure to plasma treatment regardless of the plasma conditions (time, power, gas type) for both air and oxygen plasma.
Fastness Properties
From visual observation, it was noted that all the fabric samples which have been printed are bright and level. Tables X & XI indicate the results obtained in washing, rubbing and perspiration fastness for untreated and treated cotton fabric prints with either air or oxygen plasma respectively. The comparison of the untreated versus treated samples demonstrates that the ratings of perspiration (acidic & alkaline) and wash fastness for all the samples are nearly similar. ] 
